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Fig. Title

Yaw and orientation vs distance from gun

Loss of range due to yaw vs orientation

S Plot of rounds 1 to 18 on 8-¢ plane, showing runges

| Plot of rounds 1 to 18 on 5-§ plane, showing deflections

8 Plot of rounds 19 to 46 on 8-¢ plane, showing ranges
Plot of rounds 47 to 58 on 3-@ plane

10 Effect ¢:' Range due to Yaw

These plots, except figure 10, ver. inclosed vwith the firing records (Ref. 3).
/The other figures are not neede ')
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COMPAKRISON OF PREDICTED AND OBSERVED YAW IN FRON. OF THE
MUZZLE OF THE 12-INCH GUN

ABSTRACT

The yaws cf some 1Q70-pound projectiles, fired from a 12-inch Gun,
in 1920, weve celermined by measuring the holes in beaver boards at a
distan~e of 294 feet from the muzzle. Moct of the rounds had yavs vhose
magnitude vas less than the theoretical limit imposed by the maximum
allowable c . :arance in the bore. The orientations vere grouped about
the thecrstical value, calculated or the assumpticn that the front
bourrelet followed the land that ie uy 6 o'clock ot the origin. The
runge varies with both the magnitude and orientatica ol the yaw.
Theoretically, the deflection also depends on the yew, but this effect
could not be detected.
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TNTRODUCTTICN

Tt came Lo Kent's nolice some months ago that the British had
This

~ 1, unaware of the tact that yaw is not completely random.

ihis roport, that Keat had done some twenty-five years ago.

irdiecated tht the British were unfamili.r with the work, de-cribed in

Accord.ng to the small yaw theory of Fowler, Gallop, Lock and

Richmondl, the magnitude % and orientation ¢ of the yaw of a spining

shell approximately satisfy the equations

2 2 :
(a"sin'gt + B

% tan qt),

is the maximum yav,

the hiinimum yaw,

the time from the first ainimum vaw,
the initial orientation,

the axial moment of inertis,

the transverse moment of inertia,

a = (Av/2B)2 - 1/8)Y¢

i{s the stability fauctor.
Demping 1s indicated by varistions in a a.d B.

The spin is approximstely

Ne= ?‘vo/hd,

(3)
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where
Yo is the muzzle velocity,
1/n the tvist of rifling,
d the caliber.

For a short distance, the range is approximately

X = Vot (5)
Then, irf

¢ = nA/Bnd (6)

and o =(1- 1,/5)1/2, (7)

equations (1) and (2) may be expressed

5 = (a?sin2¢'ox + 52c082¢'ux)1/2 , (8)

g =p +Px2 tan'l(% ten P'ox). ' (Q)

The stability factor may be found from the period of yaw L by the

reiation

(1 - 1/6)2 < mra/ar. (10)

The curves on figure 1 are exsmples of the variaticn of & aud §
with x.

The minimun yav is usually very small: ecout the seme as the
yav ia the bore ¢, permitted by tbe clearance betwean the bourrclets
of the sheil and the lands of the gun. If the frount bourrelet follows
one lard and the rear bourrelet the opposite land, the maximm ysv may

be calculated by the fcrmuls®

a= (2B/A - 1) ¢/o. (11)

The largest yav to be expected at any distance may be found by
using (8) and (11). Also, if 1t is assumed that the front bourrelet
“9i.0¥s the land that is at 6 Oclock at the origin, the orientation
¢” the yav at the muszle is krown, and hence the orientation at any
Jdistan~e can be found by (9).
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T cav dus vo initiol aiusturbunces damps out rapidly if the
crell ioowell decdeacd. While the yuw 10 uppreciable, nowever, it
ToLwo erlee S oon i trapectory: 1t Increases the drag ani changeo

Lirection of motion.  Both of thece effects influence the range;
tne latter aloe influcnces the deflection. In the present study, it
.oasgurned that the range, corrcctea to a standard muzzle velezit, and

siundnrd reteorolozical conditions, satisifies the formula
R=A+ 35 +C5 cos (f +K), (12)

vhere R is the corrected range and A, B, T and X ere constants. The
naeznitude and orientation of the yaw are measured at a given distance

froi. the muzzle.

EXPERIMENTAL DATA

In December :33S and January 1920, some 1070-pound Cast lron
Narget Practice Projectiles (Dwg 75-10-15) were fired from a 12-inch
Sun M189%5 at ar elevation of 18°.5 The velocity was measured by
a Boulenge/chronograph with screens at 124 and 294 feet. 1In order
to determine the yaw, beaver boards were placed on the far side of
the first screen and the near side of the secund scrze..; however, the
boards on the first screcn were cut by the wires so thai %~ yaw could
not be measured. On the second board, an increase in major axis from
12.1 to 13.1 inches was taken to represent a unit of yaw: this corre-

sponds to an angle of 1.7°.

The observed ranges were corrected to a muzzle velocity of 2250
feet per second and standard meteorblogical conditions. The decreeze in
sorrected rangc (meters) due Lo yaw was divided by the yaw (expressed in
inches of major axis); the plot of this ratio as a function of oricntation
(fig 5) shows that the range varies in accordance with equation (12).

7 Best Available Copy



Pigures ¢ to 9 ure plote of orientation (degrees) versus magnitude
of yaw (expressed as an increase in major axis, in inches) for three
groups of rounds. Plots ¢ ond 7 pertain to the same rounds consid.red
in figure 5: plot © gives the corrected reuge of each round and saows
rurves of equal range; plot 7 gives the observed deflections. The

‘crrected renges of another group wic gaver un [igure 8.

The yaw in the bore was computed from the following.average dimersions:

Bore Diameter 12,001 in.
Front bourrelet diam 11.982 in.
Rear bourrelet diam 11.93%0 in.
Bearing length 33.46 in.

The computed yaw in the bore is 0.0770.
[ 4

It is estimated that the transverse moment of inertia isc 10 +times
the axial moment of irus:-tia, and that the stability factor is 1.3:,
since the observed nutational period is 430 feet (3ee fig. 1). Hence
the maximum yaw, computed by equation (11), 1s 2.5°. This is equivuient
to an increase of 1.5 inches 1n major axis. -

The increase in drag due to yaw near the muzzle is esuivalent to
a decrease in rmuzzle velocity. To determine this decreace for a
maximum yaw of 2.5°, the following data are needed:

0.005 deg’2 Yav-drag coefficient Ko, (estimated)

2250 fps Muzzle velocity v, (observed)

0.1625 sec™t Drag function G (estimsted)

8.10 Ra)listic coefficient Cg (estimated)

1.10 Cross wind forcn coefficient X (estimated)
3,52 Yaving moment coefficient K, (estimnted)
0.07513 1b/ft’ Air density p (estimated) :

1070 1b Mass m (oyserved)

1370 1b-rt°  Tronoverse moment of inertia B (eatimated)

8 Bost Available Copy



oopulest Lo i Lodoelty foo L Lo fps. At en clevation of 1%0,

S Pivie s wible tfor the 1970-pound Armor-piercing Projecctile gives

Loe G U 0 et ond nn inerease in range of 11.8 m for an
I e wdbocdout por wecond in muzzle velocity. Therefore the

Vizaled offect on range of the increase in drag due to yaw ic a
deereace of 12,7 meters,

The expreszion fAr the jurm - Lo hore clearance and its
orientation may be derived from an expression given by Sterne.7 It
shows that if the initial value of P is 270 degrees, the jump is in
the vertical plane and downwards. 1Its magnitude is

. AN _L 1 (B 1) Where is the
md v 5" overturning mument

KM o coefficient

Hence, if the actual angle of orientation of the yaw at the muzzle oi
the gun 1is ¢o then the actual vertical component ~f the jump -1i1 be

XI:N
=

% 2 - 1) cos (¢ - 270°) (13)
0

1
o
BlZ

>

H1CChcock6 Ly ciscussced the displacement caused by initial yaw.
This could be used 1in place of Sterne‘'s formula,*¥*

The constants for this gun and ammunition (scme repeated irum page

8) appearing in equation (13) are as follows:

077° = 1.37 mils*

A= 13T 1b ftz
_ 2rvg _ .
N = —339 = 565.5 rad/sec
m = 1070 lbs
4= 1.0 ft
KL = 1.10%
KM = 1,91%
v, 2250 ft/sec
" B/A = 10%
3y o
¢° = 226

EntImateﬂ

** The application of Hitchcock's technique produces results (lmost identical
to those obtained by equation (13).

9 pest Avallable Copy



p, = 07517 b/t
n = 2% cal

S

If the cofartor of cos (¢O - 2700) is represented by -j then the juwup

may be written
-j cos (B, - 270°)
j = .¢ymits - .IT!
It follows that the vertical component of the Jump will be - .165 mils =
- .56 and the horizontal component will be + .160 mils = .5L'.

At an elevation of 180, the firing table’ for the AP Projectile gives
an increase in range of 9.8 meters for 1 minute increase in elevation.
Therefore, the estimated increase in range for an increese of 0.75 minute

in elevation is 7.35 meters.

The combined effect of drag and Jjump due to yaw is ploiied on
figure 10.

DISCUSSION

The theoretical increase in major axis at 294 feet is 1.5 inches.
Most of the measured values were less than this, although some werc
mrwn:  the largest wes 2.75 inches. It should be noted, however, that
the yaw has passed its first maximum at this distance, as the pericA
is 30 feet; therefore, a small increase in the dirtance tc tnc maximus
will cause an appraciable increase in the yaw at the second acveen.
In other guns, when there have been enough card- tc determine the actual
maximum yaw, the observed value seldom exceeds the theoretlcnl.k

The theoretical mean orientation at 294 feet is 357, Tho observed
orientations are grouped about this value although their dispevrsion is
rathcr large: a few valuea are nearly 122° from the mean (two rounds are
plotted with sn orientation of 295°. but this is only 100° from the
mean in the negative direction). The assumption that the froat bourrelet
follows che land that is at 6 o'clock at the origin is further confirmed
uy the faev that the landas in this region wear more rapidly near the muzzle
rhan the others in guns which fire separate-loading amsuniiion (this 1s not

‘ruc for fixed dmmunition).




Since the range vuries with bott magniuce and orientation of
vaw, the dispersion iwn buth of these quar.ities zhould be mede as
smull 45 feesible. TFor a given gun ana ammunition, this can be done
by ramming all rounds as uniformly as possible., The dispersion in
Jdeflection might also be reduced in this way, although the deflection

hos comparatively small disperric~ anvway.

The evidence presented in this report canfirming the hypothesis
that in this gun and, presumably, in most guns firing separate
iCuaing ammunition, the yaw at the muzzle corresponds tc an initial
yuw at the breech at 6 u'clock is confirmed by observations of the
nuzzles of several guns that have shown erosion on the lands corre-

spoading to € o-clock at the breech.

B u‘.J‘u\mM

HCUT) 8 A

E. P. HITCHCOCK
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